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© Acrylic polyols are provided which are prepared 
from a .comonomer mixture which contains a 
hydroxy-functional acrylate monomer, e.g. 2-hydrox- 
yethyl methacrylate, and an ethylenicaily unsatu- 
rated compound having an electron donating group, 
e.g. styrene, which have a low residual monomer 
content and a narrow molecular weight distribution. 
Also provided is a method of preparing such acrylic 
polyols, methods of preparing polyurethane coatings 
from such acrylic polyols and the coatings produced 
thereby. 
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ACRYLIC POLYOLS HAVING LOW RESIDUAL MONOMER CONTENT 



Field of the Invention 

This invention relates to acrylic polyols having 
a low residual monomer content More particularly, 
this invention relates to acrylate copolymers having 
a narrow molecular weight distribution and which 
are prepared from monomers comprised of 
hydroxy-functional acrylate monomer and an 
ethylenically unsaturated monomer having an elec- 
tron donating group. This invention also relates to a 
method of preparing such acrylic polyols. methods 
of using such acrylic polyols, and urethane coat- 
ings prepared from such polyols. 

BACKGROUND OF THE INVENTION 

Canadian Patent No. 856,347 to Schmidt and 
Taft discloses that the polymerization of acrylic 
monomers, and other comonomers in a volatile 
solvent can be conducted in a pressurized reactor 
above the atmospheric boiling point of the solvent 
to obtain acrylic polymer compositions having a 
high solids content and a tow viscosity. 

It has been found, however, that acrylate poly- 
mers prepared by this method commonly, contain 
up to 1% or more residual unreacted monomer. 
Such high concentrations of residual unreacted 
monomer are undesirable for many reasons includ- 
ing possible toxicity of the product, waste of start- 
ing materials, and an adverse effect upon the prop- 
erties of coatings prepared therefrom. 

SUMMARY OF THE INVENTION 

This invention relates to acrylic polyols having 
a narrow molecular weight distribution and a low 
residual monomer content prepared from mon- 
omers comprising a hydroxyfunctional acrylate 
monomer and an ethylenically unsaturated mon- 
omer containing an electron donating group. This 
invention also relates to a high pressure process 
comprising the high pressure polymerization of a 
hydroxy-functional acrylate monomer in the pres- 
ence of an ethylenically unsaturated monomer hav- 
ing an electron donating group wherein said 
ethylenically unsaturated monomer is present in an 
amount sufficient to lower the residual monomer 
content of the resulting acrylic polyol. 



This invention also relates to a method of pre- 
paring a urethane coating comprised of reacting an 
acrylic polyol as described above wife a 
polyisocyanate compound on the surface of a sub- 
5 strate in the presence of a urethane catalyst and to 
coatings comprised of the reaction product of fire 
above acrylic polyols with a polyisocyanate. 

DETAILED DESCRIPTION OF THE INVENTION 

The acrylic polyols of the present invention are 
prepared by the addition potmerization of a mixture 
of ethylenic monomers containing at feast one 
hydroxy-functional acrylate monomer and at least 

is one ethylenically unsaturated monomer having an 
electron donating group. 

Examples of suitable hydroxy-functional ac- 
rylate monomers include 2-hydroxyethyl acryfete, 
2-hydroxyethyI methacrylate, 2-hy<iroxypropy1 ac- 

20 rylate, 2-rrydroxypropyl methacrylate, hydrox- 
yisopropyl acrylate. hydroxyisopropy! methacrylate 
and commercially available mixtures of these mon- 
omers, as well as 4-hydroxybutyl methacrylate. 
The mixture of comonomers from which the acryfic 

25 polyols are prepared may also contain other 
hydroxy l-free comonomers. Examples of suitable 
hydroxy Hree ethytentcalfy unsaturated monomers 
include the alkyl acrylates and methacryiates such 
as ethyl acrylate, butyl acrylate, 2-etnylhexyl ac- 

30 rylate. methyl methacrylate, ethyl methacrylate and 
butyl methacrylate. These hydroxyl-free acrylate 
monomers do not contain an electron donating 
group and so are not useful in lowering the residual 
monomer content of the final acrylic polyol, but are 

35 useful in affecting other properties of the potymer 
such as the glass transition temperature. 

Examples of suitable ethylenically unsaturated 
monomers that have an electron donating group 
include vinyl aromatic compounds wherein the ar- 

w omatic group is unsubstituted or has an electron 
donating substftuent e.g. styrene, aipha-meftyt- 
styrene. vinyltoluene. and p-methoxystyrene. Other 
suitable examples of ethylenically unsaturated 
monomers having an electron donating group in- 

45 elude vinyl esters such as vinyl acetate and vinyl 
propionate and vinyl ethers such as meffryl- 
vinylether and ethyrvinytether. 

The relative proportions of the above monomer 
used to prepare the acrylic polyols of this invention 

so may vary considerably, depending upon the char- 
acteristics desired in the coating ultimately ob- 
tained and upon the actual identities of the mon- 
omers selected. It is therefore difficult to state the 
generally applicable ranges of values, however, ft is 

55 
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to be noted that the characteristics of most interest 
in the acrylic polyol will be its hydroxyl value and 
glass transition temperature. The hydroxyl value of 
the monomer will be adjusted by varying the per- 
centage and identify of the hydroxy-functional ac- 
rylate monomer, while the glass transition tempera- 
ture of the acrylic polyol will depend in large part 
on the total monomer mix. It is therefore'desirable, 
to select a level of hydroxy-functional acrylate 
monomer that will produce the desired hydroxyl 
number for the acrylic polyol, to then experimen- 
tally determine the amount of ethylenically unsatu- 
rated monomer having electron donating group 
necessary to lower the residual monomer content 
to the desired level, and then to adjust the glass 
transition temperature by the choice of an appro- 
priate non-hydroxy-functional acrylate monomers. 
When the acrylic polyol is to be cured with a 
commonly available polyisocyanate material to 
yield a protective coating, it has been found that a 
particularly preferred monomer mixture is com- 
prised of about 26% hydroxyethyl methacrylate, 
from about 20% to about 50% styrene and a 
balance of n-butyl acrylate and methyl 
methacrylate in relative proportions chosen to ob- 
tain the desired glass transition temperature. 

The polymerization reaction useful in preparing 
the acrylic polyols of this invention is a free radical 
initiated, polymerization conducted at a temperature 
in excess of the boiling point of solvents in which 
the acrylic polyol is commonly prepared. -Suitable 
solvents include 2-ethoxyethyl acetate and mix- 
tures of 2-ethoxyethyl acetate and xylene. A pre- 
ferred solvent is methyl n-amyl ketone. In general, 
the monomers are polymerized in solution at a 
temperature between about 140°C and 220°C. Be- 
cause these temperatures are above the atmo- 
spheric boiling point of the commonly used sol- 
vents, the reaction is conducted in a sealed reactor 
capable of withstanding elevated pressures, i.e. 
those in excess of 100 psi. The reaction is gen- 
erally conducted in a reactor pressurized from 
about 60 to about 70 psi. The identity and amount 
of the free radical initiator are not critical and will 
generally depend upon the temperature at which 
the reaction is conducted. Examples of suitable 
free radical initiators include the organic peracids 
and peresters and the azobisnitriles, e.g. 2,2' 
azobis(2-methylpropanenitrile).. A particularly pre- 
ferred free radical initiator is t-butylperbenzoate 
which is generally used at a level from about 1 to 
about 3 weight percent based on the weight of the 
total reaction mixture. 



It is an advantage of the acrylic polyols of this 
invention that they have a lower molecular weight 
and narrower molecular weight distribution than 
comparable commercially available acrylic polyols. 

5 In general, the weight average molecular weight will 
be below about 6,400, more preferably below about 
5,000, and most preferably between about 2400 
and 3900 and the number average molecular 
weight will be below about 2700, more preferably 

jo below about 2600 and most preferably from about 
1100 to about 2100. The molecular weight distribu- 
tion, defined as the weight average molecular 
weight divided by the number average molecular 
weight will generally be below 2.3, more preferably 

is below 2.0, and most preferably below 1 .8. 

The polymerization reaction time is adjusted in 
relation to the temperature and level of free radical 
initiator necessary to obtain acrylic polyols having 
the molecular weights described above. Under the 

20 conditions described above, the use of an appro- 
priate amount of the ethylenically unsaturated mon- 
omer having an electron donating group will yield 
an acrylic polyol having a residual monomer con- 
tent is generally equal to or less than about 6.25% 

25 based on the weight of the total monomer charge. 
Residual monomer contents as low as about 0.75% 
have been achieved by the process of this inven- 
tion. 

While the lowest possible levels of residual 
30 monomer are desirable, it has been found that 
increasing the amount of the ethylenic monomer 
having an electron donating group, such as sty- 
rene, yields an acrylic polyol, which, when cured 
on a substrate with a polyisocyanate material, is 
35 susceptible to yellowing when exposed to long 
periods of ultraviolet radiation. When the acrylic 
polyols of this invention are used in decorative 
coating formulation wherein the yellowing of the 
coating is not perceptible, e.g. heavily pigmented 
40 coatings, or in maintenance coatings where yellow- 
ing is unobjectional, the residual monomer content 
can be most advantageously minimized in accor- 
dance with this invention. 

The acrylic polyol compositions of this inven- 
ts tion are particularly useful when reacted with at 
least one organic polyisocyanate compound or 
prepolymer. 

Suitable organic polyisocyanate compounds in- 
clude ethylene diisocyanate, trimethylene 
so diisocyanate, hexamethylene diisocyanate, 
propylene-1 ,2-diisocyanate, ethylidene 
diisocyanate, cyciopentylene-1,3-diisocyanate, the 

1.2- , 1,3-and 1,4-cyclohexylene diisocyanates, the 

1.3- and 1 ,4-phenylene diisocyanates, poly- 
55 methylene polyphenylene-isocyanates, the 2,4-and 

2,6-tolylene diisocyanates, the 1,3-and 1,4-xylylene 
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diisocyanates, bis (4-isocyanatophenyl)methane. 
4,4'-diphenylpropane diisocyanates, bis (2- 
isocyanatoethyl) carbonate, 1 ,8-diisocyanato-p- 
menthane, 1 -methyI-2,4,-diisocyanato-cyclohexane, 
the chlorophenylene diisocyanates. naphthalene- 
1,5-diisocyanate triphenylmethane-4.4',4"- 
triisocyanate, isopropylbenzene-aIpha-4- 
diisocyanate, 5.6-bicyclo[2.2.1 ]hept-2-ene 

diisocyanate, 5,8-diisocyanato-butylbicycIo [2.2.1]- 
hept-2-ene and similar polyisocyanates. 

Also of use in the present invention are 
trimethylene hexamethyl diisocyanate available 
fronm VEBA, heptadecyl (C17) diisocyanate. DDI 
1410, an aliphatic C-36 diisocyanate, available from 
the Henkel Corporation of Minneapolis, Minnesota, 
and polymethylene polyphenyl isocyanates such as 
PAPI 135 available from * Upjohn. Tolylene 
diisocyanate available from Allied Chemical, 
isophorone diisocyanate available from VERA are 
particularly useful. When the composition is to be 
cured to form a coating, polyisocyanate 
prepolymers, or adducts of organic polyisocyanate 
compounds, such as Desmodur N, an aliphatic 
triisocyanate available from Mobay can be used. 
Desmodur N is more particularly defined as the tri- 
isocyanate biurette formed from 3 moles of hex- 
amethylene diisocyanate and 1 mole of water and 
has an isocyanate equivalent weight as later de- 
fined of 191 grams. Other adducts or prepoIy„ 
mers of the polyisocyanate include Mobay's Z4370 



and Mobay's Mondur CB which are the 
isocyanurate prepolymer of isophorone 
diisocyanate and the trimethylol propane 
prepolymer of toluene diisocyanate. respectively. 

The particular ratio of the polyisocyanate to 
acrylic polyol utilised in forming the urethane-for- 
ming compositions of the present invention will 
depend upon the particular use for which the com- 
position is desired. When the urethane^onning 
composition is to be cured to form a coating, the 
ratio is chosen such that each hydroxy-functionaJ 
group of the acrylic polyol will react on a 1:1 
equivalent : equivalent stoichiometric basis with the 
isocyanate functionality of the polyisocyanate com- 
pound or prepolymer. it is quite feasible, however, 
to form the coatings used from about 80% to 
120%, preferably from about 95% to 105% on a 
hydroxyl-isocyanate equivalent basis of the 
polyisocyanate to form the urethane product 

To determine the amount of tJie polyisocyanate 
required for a given mixture with a given acryfie 
potyoJ, the hydroxyl or ioscyanate equi. vatent 
weight of the respective polyol or polyisocyanate is 
determined as that weight in grams of the material 
which contains 1 gram equivalent weight of the 
respective functional group. More partJcularty. to 
determine the number of equivalents in a given 
polyol the hydroxyl value is first determined by 
known methods and reported in milligrams of po- 
tassium hydroxide equivalent to the hydroxyl con- 
tent of 1 gram of sample. The calculation to deter- 
mine the hydroxyl equivalent weight is then given 
by the following equation: 



56,100 

OH equivalent weight = OH value 



where 56,100 is the milligram equivalent weight of 
potassium hydroxide. 



Alternatively if the weight percentage of the 
hydroxyl groups in the polyol is known, the 
hydroxyl equivalent is determined as follows: 



17 x 100 

OH equivalent weight = wt % OH 



where 17 is the equivalent weight of the hydroxyl 
radical and the weight percent OH is the percent- 
age of the polyol which is hydroxyl groups. 

In similar fashion the isocyanate equivalent 
may be determined if the weight percent of the 
ioscyanate functional groups in the polyisocyanate 
is known. This equation is given below where 42 is 



the molecular weight of an isocyanate functional 
group and the weight percent NCO is that portion 
of polyisocyanate made up of isocyanate functional 
groups. 
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42 x 100 

isocyanate equivalent weight = wt % NCO 



If desired, various urethane catalyst may be 
employed to promote the reaction. Examples of 
such urethane catalysts include triethylene dia- 
mine, morpholine, N-ethyl-morpholine, dimethyl 
piperazine, Methyl amine, N, N, N'. N'- 
tetramethylbutane-1,3-diamine, dibutyltin dilaurate, 
stannous octoate, stannous laurate, dioctyltin dia- 
cetate, lead octoate, stannous oleate, stannous tal- 
late, dibutyltin oxide, and hexabutylditin as well as 
other art recognized urethane catalysts. Typical 
levels of the urethane catalyst are from about 
0.001% to about 5% by weight of the urethane 
linking components. 

The acrylic polyols can be used in coatings by 
simply mixing the acrylic polyol with a 
polylsocyanate and applying the resulting mixture 
onto the surface of a substrate to the desired 
coating thickness. The coating mixture may be 
applied in any manner which will achieve the de- 
sired thickness, e.g. brush, knife, spray, but in most 
industrial applications, air-spraying is preferred. A 
volatile organic solvent may be added to the coat- 
ing mixture to reduce the viscosity thereof and 
facilitate the air-spray application to a given sub- 
strate, however, it is one of the advantages of the 
present invention that little, if any, additional sol- 
vent is needed in the coating mixture of the 
present invention. 

A urethane catalyst, such as dibutyltin 
dilaurate, can be added to the coating mixture to 
catalyze the reaction between the hydroxyl groups 
of the acrylic polyol and the isocyanate groups of 
the polyisocyanate and thereby accelerate the cure 
of the coating. Other additives such as copolyols, 
e.g. glycerol or more complex polyols, and pig- 
ments, e.g. titanium dioxide, can also be added to 
vary the properties of the resulting coating. 

EXAMPLES 

The following examples show the preparation 
of representative acrylic polyols of this invention 
and the preparation of urethane coatings prepared 
therefrom. 

EXAMPLES 1-15 



ACRYLIC POLYOL PREPARATION 

J0 The acrylic polyols of the following examples 
were prepared by mixing the monomers 2-hydrox- 
yethyl methacrylate (HEMA) or 2-hydroxyethyl ac- 
rylate (HEA) as the hydroxy-functional acrylate 
monomer, styrene (STY) as the ethylenically un- 

js saturated monomer having an electron donating 
group, n-butyl acrylate (NBA) and methyl 
methacrylate (MMA) in the amounts shown in the 
following table to form a premix. This premix also 
contained t-butyl benzoate in an amount of 3.8 

2o parts per hundred parts of the monomers as a 
polymerization catalyst. The solvent methyl n-amyl 
ketone In an amount of 30. parts by weight to 70 
parts by weight of the monomers was then charged 
to a pressurized polymerization reactor. The reac- 

2s tor was flushed three times with dry nitrogen and 
sealed. The reactor was then heated to 180°C, 
pressurized to about 60-70 psi and maintained at 
that temperature plus or minus approximately 2°C. 
The premix was then added to the reactor at a 

3o constant rate over 105 minutes. The reactor and its 
contents were then held at 180°C for an additional 
two hours. The reactor was then cooled to 125°C 
and then vented until atmospheric pressure was 
reached. The reactor was then heated to reflux 

35 temperature, approximately 135°C and an addi- 
tional amount of 0.38 parts by weight per hundred 
parts- of the monomers of t-butylperbenzoate was 
added as a post-catalyst. The reactor and its con- 
tents were then held at reflux temperature for 1 1/2 

^ hours. The reactor and its contents were then cool- 
ed to about 40°C to obtain a useful solution of the 
desired acrylic polyol in methyl n-amyl ketone as a 
solvent. This solution was then tested to determine 
its viscosity, the residual monomer content, and the 

4s weight average and number average molecular 
weight of the acrylic polyol. The results of these 
tests are shown in the following table. 

The glass transition temperature of each acrylic 
polyol was estimated from the glass transition tem- 

so perature of homopolymers of each of the mon- 
omers by the following equation: 



5 
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1 + w a + w b + w c 

+ 

T 9 Tg a Tg b Tg c 

wherein W a , W b , and W c , etc. is the weight fraction 
and Tga, Tg b , Tgc etc. are the glass transition 1Q 
temperature (°K) of a homopolymer of each the 
monomers, respectively. 

75 



35 
40 
45 



55 
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TABLE I (cont.) 
ACRYLIC POLYOL COMPOSITION AND PROPERTIES 



Exampl e 


9 


10 


11 


12 


13 


Formula 












MMA 


32 


32 


19 


19 


54 


STY 


32 


32 


45 


45 


10 


NBA 


10 


10 


10 


10 


10 


HEMA 


26 


26 


26 


26 


26 


HEA 












Tg °C 


66 




66 




66 


Final Product 












% Solids 


67.4 


67.4 


68.7 


69.1 


62. 


Residual Monomer 


1.25 


2.0 


0.88 


1.0 


4. 


(wt. x) 












Viscosity (poise) 


11.3 


9.0 


21.2 


25.5 


8. 


at 25 °C 












Mw 


2700 


2600 


3300 


3300 


3300 


Hn 


1500 


1500 


1800 


2600 


1900 


Mz 


4500 


4700 


5700 


4200 


6000 


Mw/Mn 


1.74 


1.74 


1.85 


1.29 


1. 



50 
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TABLE I (cont.) 



ACRYLIC POLYOL COMPOSITION AND PROPERTIES 



Example. 14 15* 
Formulation % 

MMA 29 29 

STY 29 29 

NBA 16 16 

HEMA . - 26 

HEA 26 

Analysis 

* Solids 68.3 66.1 

Residual Monomer (wt %) 1.5 3,25 

Viscosity (poise) at 25°C 9.7 1.7 

Mw 3900 1500 

Mn 1800 1100 

Mz 8400 2400 

Mw/Mn 2.16 1.47 



* Reactor temperature raised to and maintained at 210°C. 



9 
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EXAMPLES 16-24 



PIGMENTED COATING PREPARATION 

Representative examples of the acrylic polyols 
from Examples 1 through 15 were formulated into 
pigmented urethane coating compositions as fol- 
lows. 

In Examples 16-23, 801 g. of the acrylic polyol 
indicated in Table II were mixed with 531.09 g. of 
titanium dioxide pigment available from DuPont as 
R-960, 7.97 g. of ANTI-TERRA U available from 



BYK, 7.97 g. of CAB 551.01 available from East- 
man, 100 g of methyl n-amyl ketone and 110.16 g. 
of methyl ethyl ketone, this mixture was ground 
until an N.S. 7 fineness of grind was achieved. To 

5 this ground mixture was added 198 g. of an 
isocyanate prepolymer available as Desmodur N 
75 from Mobay. The resulting paint was mixed and 
airspray applied to Bonderite 1000 treated steel 
panels. The coatings were allowed to cure at am- 

10 Went temperatures for a minimum of 10 days be- 
fore testing. The properties of the coating formula- 
tions are shown in Table II. 



25 



30 



35 



45 



10 
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The coatings prepared from the coating for- 
mulations described above had a film build, a pen- 50 
cil hardness as defined in ASTM D 3363-74 and an 
impact flexibility, forward and reverse, as defined in 
ASTM D 2794-74, as shown in the following Table 
III. 

55 
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The coated panels were also tested for chemi- 
cal resistance to various acids, bases and organic 
solvents in a 24 hour spot test wherein the follow- 
ing symbols have the following meanings. 

N.E.: no effect 

SLOG: slight loss of gloss 
B: blistered 
SL slight 



The solvents used in the 24 hour spot test 
were 40% sodium hydroxide, 10% aqueous hy- 
drochloric acid, 10% aqueous acetic acid, zytene, 
commercially available unleaded gasoline, and 
trichloroethylene. (Spot test time for trich- 
loroethylene reduced to 5 minutes). The resufts of 
the chemical resistance tests are shown in Table 
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The panels were .subjected to a Q.U.V. acceler- 
ated weathering test in accordance with ASTM G- 
53-77. The gloss at 60/20" at the total number of 
hours, total exposure are indicated in Table V along 
with the 6 value for yellowing of the coatings as 
measured in accordance with ASTM E-313-73. 
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The results shown in Table V above illustrate 
that increasing the styrene content of the acrylic 
polyol appears to increase the tendency for the 
coating to y( 
ation, but dc 
gloss of the coating. 



1. An acrylic polyol comprised of the addition poly- 
w upon exposure to ultraviolet radi- merization product of a mixture of comonomers 

not seem to significantly affect the 55 comprised of a hydroxy-functional acrylate and an 
amount of an ethytenically unsaturated monomer 
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having an electron donating group sufficient to low- 
er' the residual monomer content of the acrylic 
polyol, wherein said acrylic polyol has a narrow 
molecular weight distribution. 

2. An acrylic polyol in accordance with claim 1 
wherein the molecular weight distribution of the 
acrylic polyol is such that the ratio of the weight 
average molecular weight to the number average 
molecular weight is less than about 2.3. 

3. An acrylic polyol in accordance with claim 1 
wherein the residual monomer content is less than 
about 4.4% by weight of the monomers. 

4. An acrylic polyol in accordance with claim 1 
wherein the ethylenically unsaturated monomer 
having an electron donating group is present in the 
monomer mixture from which the acrylic polyol is 
prepared in an- amount greater than about 15% by 
weight of the monomer mixture. 

5. An acrylic polyol in accordance with claim 1 
wherein the ethylenically unsaturated monomer 
having an electron donating group is selected from 
the group of vinyl aromatic compounds wherein the 
aromatic group is unsubstituted or has an electron 
donating group. 

6. An acrylic polyol in accordance with claim 5 
wherein the vinyl aromatic compound is styrene. 

7. An acrylic polyol in accordance with claim 1 
wherein the hydroxy-functional acrylate monomer' 
is 2-hydroxyethyl methacrylate or 2-hydroxyethyl 
acrylate. 

8. An acrylic polyol in accordance with claim 1 
wherein the hydroxy-functional acrylate monomer 



is 2-hydroxyethyl acrylate or 2-hydroxyethyl 
methacrylate. the ethylenically unsaturated mon- 
omer having an electron donating group is styrene 
which is present in an amount sufficient to lower 

5 the residual monomer content of the acrylic polyol 
to less than about 4.4% by weight of the mon- 
omers and wherein the molecular weight distribu- 
tion of the acrylic polyol is such that the ratio of the 
weight average molecular weight to the number 

io average molecular is less than about 2.3. 

9. A method of preparing an acrylic polyol compris- 
ing reacting a mixture of comonomers comprised 
of a hydroxy-functional acrylate monomer and an 
amount of an ethylencially unsaturated monomer 
75 having an electron donating group sufficient to low- 
er the residual monomer content of the acrylic 
polyol, at a temperature sufficient to yield an acryl- 
ic polyol having a narrow molecular weight distribu- 
tion. 

20 10. A process in acccordance with claim 9 wherein 
- the polymerization is conducted in the presence of 
an organic solvent having an atmospheric boiling 
point below about 160°C and wherein the reactor is 
pressurized to maintain the reaction medium in the 
25 liquid state. 

11. A method of using an acrylic polyol in accor- 
dance with claim 1 comprised of reacting an acrylic 
polyol in accordance with claim 1 with a 
polyisocyanate on the surface of a substrate to 

30 form a coating. 

12. A urethane coating prepared by the method of 
claim 11. 
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